The antigen of Neisseria gonorrhoeae has been isolated from the alkalineextracted gonococcal endotoxin by ion exchange, molecular sieve, and powder block electrophoretic chromatography. Hemagglutination inhibition studies indicate that the preparation is essentially free of common enterobacterial and gonococcal a antigen. Analysis of the isolated antigen by immunodiffusion and acrylamide gel electrophoresis reveal only one detectable component. Chemical studies indicate that the antigen is an acidic glycoprotein composed primarily of four major amino acids: alanine, glutamic acid, glycine, and proline. The antigen has an s5o,w of 8.55, and spectral analysis in the ultraviolet and visible range reveals a single absorption peak at 217 nm.
During the past 10 years the spread of gonococcal infections has reached epidemic proportions. This has renewed interest in the isolation of specific gonococcal antigens for the detection of infection in symptomatic and asymptomatic individuals. Maeland defined two major antigenic determinants in the alkaline-extracted endotoxin of Neisseria gonorrhoeae (17, 18, 21) . These determinants have been called the a and ,B determinants. It has been assumed that they arise from gonococcal endotoxin and exist as part of a single molecule (19, 20) . The a determinant is considered to be a polysaccharide and has serological multispecificity (22, 23) . It is periodate sensitive but Pronase resistant. In the gonococcal alkaline extract which has been used in human serological tests, the principal determinant is the ,B antigen (18) . This determinant is assumed to be a protein since it is Pronase sensitive and periodate resistant. In addition, it has been demonstrated that the ,B determinant is resistant to trypsin digestion (18) . Serological testing with this ,3-antigen-rich extract has been unreliable because of a high rate of false positive and negative reactions (15, 17) . In order to standardize this test system and to evaluate the specificity of the 13 antigen in the human serological response to the gonococcus, we undertook the isolation of this antigen from the crude extract. In this paper, we will describe the isolation and chemical characteristics of 13 antigen of N. gonorrhoeae.
MATERIALS AND METHODS Organisms. N. gonorrhoeae was obtained from fresh patient isolates and grown for antigen preparation within 72 h of initial isolation. All organisms were unequivocally N. gonorrhoeae by gram stain, cultural characteristics, oxidase reactivity, and sugar fermentations. Organisms were maintained on chocolate agar at 35 C in a moist CO2 incubator and preserved by lyophilization in 5% bovine serutn albumin-5% monosodium glutamate.
Antisera. Antisera to the whole gonococcus were produced by two injections of 1 ml of 109 organisms emulsified 1:2 with complete Freund adjuvant in the posterior cervical region of male albino rabbits at 10-day intervals. On days 21 and 23 after the onset of immunization, the animals were injected intravenously with 0.1 ml of 109 organisms. The rabbits were bled for antisera 7 days later. The organisms used for production of antisera were collected from 20 fresh isolates either by scraping chocolate plates with a glass spatula or by growth in supplemented MuellerHinton broth. Organisms were washed three times in distilled water before use as antigens. Antisera were also produced to purified ,B-antigen preparations in rabbits. This was accomplished by footpad injection of 250 Ag of antigen emulsified in an equal volume of Freund adj uvant at weekly intervals for 28 days. Animals were bled for antibody 7 days after the final injection.
Growth of N. gonorrhoeae in liquid medium. Organisms were grown for antigen isolation in 2-liter screw-capped culture flasks in 1 liter of Mueller-Hinton broth containing modified Langford supplement. Attempts were made to insure that all organisms were colonial type I or II of Kellogg et al. (13) before being used as iilocula in the broth. Multiple vials of fresh individual (type I or II) isolates were lyophilized. Continued availability of these colonial forms from the same organism for growth in liquid medium was maintained by reconstitution of these lyophilized organisms. The flasks were inoculated directly with a loopful of organisms from a 24-h chocolate plate. The flasks were placed on a gyratory shaker platform with a shaking rate of 180 per min. After inoculation and prior to incubation, each flask was gassed with a filtered mixture of 10% CO2 and air for 30 s. Cultures were grown for 16 h, subcultured, and placed at 4 C for 48. h to insure death of organisms. After confirmation that the flasks contained pure cultures of N. gonorrhoeae, the organisms were spun free in a Sorvall continuousflow centrifuge at 6,000 X g, washed once with distilled water and once with phosphate-buffered saline (PBS), and were then ready for antigen extraction. Approximately 1.8 g (wet weight) of organisms was obtained per liter of broth.
HA and HAI. Both hemagglutination (HA) and hemagglutination inhibition (HAI) were used to detect the presence of the (3 antigen in the isolation procedures. All studies were done by using microtiter techniques. The HA system was similar to that described by Edwards and Driscoll (10) for meningococcal polysaccharides. The HAI system employed antisera either to whole organisms or isolated antigen as the agglutinator. The erythrocyte-coating antigen was an alkaline-extracted preparation made from 20 individual gonococcal isolates. The concentration of antisera and cellcoating antigen for the inhibition system were determined by a block titration with the final concentration of each reagent being one dilution less than the respective end point. The erythrocytecoating antigen did contain some a-antigen activity but, at the dilutions of antisera and antigen employed, the only antigen detected was the ( antigen. In addition, absorption of the antisera with as much as 5 mg of a antigen per ml had no effect on the inhibition titers of ,B antigens. An HAI system was also established to gonococcal a antigen by a method identical to that described above for gonococcal ,B antigen. Analysis of the purified preparation for common enterobacterial antigen was performed by Erwin Neter (35) .
Immunodiffusion was done by the method of Ouchterlony in 2% noble agar containing 0.05 M barbital buffer, pH 8.6 (24) . Immunoelectrophoresis was done with the same agar and buffer conditions using the method of Scheidegger (25) .
Ion exchange chromatography. Ion exchange chromatography was performed by using CMSephadex 50 equilibrated with 0.01 M acetate buffer, pH 5.2. To determine the initial elution pattern, a Buchler Varigrad was used to make an ionic-strength gradient. Wells 1, 2, 3, 5, and 8 contained the starting buffer; wells 6, 7, and 9 contained 0.1 M acetate, pH 5.2. Well 4 contained 90%0 starting buffer and 10% final buffer. Each well contained 40 ml of buffer. A 6-ml sample was applied to the column, and the elution volumes were 7 ml. At the termination of the gradient the .column was washed with 0.5M NaCI. After the elution pattern was established, batch preparations were used subsequently in antigen isolation.
Molecular sieve chromatography. Molecular sieve chromatography was performed with P-200 (Bio-Rad) in a glass column (100 by 2.5 cm) by upward flow. The column was equilibrated with a 0.2 M acetate buffer, pH 5.2. Sample volume was 10 ml, and the elution volume was 4 ml. Pevikon block electrophoresis. Powder block electrophoresis was performed by the method of Kunkel (14) using Pevikon. The origin was placed in the center of the block, and the sample was electrophoresed for 6 h at 400 V and 4 C.
Enzyme digestions. During isolation of the antigen, the crude alkaline extract was dialyzed against PBS and treated with Ribonuclease A (Worthington Biochemical) 10 ugm/ml at 37 C for 16 h. Pronase digestion was performed by the addition of Pronase (Calbiochem) in PBS at 37 C for 24 h. Trypsin digestion was accomplished by the addition of trypsin (Worthington Biochemical) (2%, wt/wt) to antigen previously dialyzed against 0.01 M Tris (pH 8.1), 0.005 M CaCl2 at 37 C for 24 h. Periodation of the antigen was accomplished by adding equal volumes of 0.04 M sodium metaperiodate to 3 antigen in distilled water (12) . This was allowed to stand at 20 C for 48 h. Sodium metapeiiodate was removed by dialysis against PBS at 4 C.
Preparation of phenol-extracted endotoxin and a determinant. Preparation of the phenolextracted endotoxin was achieved by the method of Tauber and Russell (31) and treated with Pronase as suggested by Maeland and Kristoffersen (22) to make it specific for a antigen.
Chemical studies. Moisture content was determined by drying, total nitrogen was determined by Galbraith Analytic Laboratories, and total and inorganic phosphorus were determined by the method of Chen (5) . Determination of protein content was done by the Biuret method and Folin-Ciocalteau reaction with human serum albumin used as standard (4, 16) . Amino acid analysis was performed by the method of Spackman, Stein and Moore, using a Beckman model 120C amino acid analyzer (27) . Samples were hydrolyzed at 24-, 48-, and 72-h intervals in 6 N HCI at 110 C in vacuo. All analyses were performed in duplicate, and the results are expressed as a mean of these values.
Total carbohydrate content was determined by the phenol sulfuric acid method (9) and total hexoses by the anthrone method (26) . Methyl pentoses and pentoses were determined by the method of Dische (7) and Dische and Shettles (8) , and 2-keto 3-deoxy sugar acids were determined by the method o£Warren (34 An outline of the method of isolation of the ,3 antigen of N. gonorrhoeae is presented in Fig. 1 . The alkaline-extracted endotoxin studied by Maeland includes steps 1 through 7. Ultraviolet spectral analysis of this crude alkaline extract (at step 7) revealed the presence of significant quantities of ribonucleic acid. Ribonuclease A digestion proved to be the most efficient method of removing this contaminant. The preparation was then dialyzed against 0.01 M acetate buffer (pH 5.2) and placed on a CM-50 Sephadex column equilibrated with the same buffer. The , antigen under these buffer conditions was excluded from the CM sephadex, whereas a substantial portion of other substances in the alkaline extract did adhere. The antigen eluted at the void volume of the column in the starting buffer. In the salt concentrations produced by the 0.01 to 0.1 M sodium acetate gradient, no other peaks eluted. When the column was washed with 0.5 M NaCl, a second peak eluted which was devoid of , antigen. After the a-antigen-containing peak was concentrated and dialyzed against 0.2 M acetate buffer (pH 5.2), it was applied to a P-200 column (2.5 by 100 cm). The elution profile of this column is shown in Fig. 2 .
The # antigen eluted just after the void volume of the column. A second peak could be detected by 280-nm absorption and was devoid of , antigen. Immunization of rabbits with eluate containing the , antigen resulted in the production of N. gonorrhoeae organisms 0.1 M NaOH-glycine, pH 10 precipitating antibody to at least two components. Immunoelectrophoresis developed with antisera generated to the components of the P-200 peak revealed that these antigens migrated cathodally and anlodally. Pevikon block electrophoresis separated these components. Figure 3 shows the results of this elution. The # antigen migrated anodally and could be isolated from the cathodally migrating contaminant. Analysis of this final product of ,-antigen isolation by acrylamide gel electrophoresis (Fig. 4) The effects of enizyme and oxidative treatments of the anitigenl are shown iln Table 1 . Pronase destroyed all antiggenic activity, whereas periodationi and trypsin had little effect on the antigenic determiniant. The senisitivity of the HAI test was also demonstrated with 0.49 jug of , antigen detected by this method. From the isolation procedures described above, the best yield of antigen was 8 mg of lyophilized antigen from 50 g (wet weight) of organisms or 750 mg of crude dry alkaline-extracted endotoxin. The isolated ,-antigen determinant appeared to be immunologically identical to that present in the crude alkaline extract; however, one major alteration had occurred during isolation. The crude antigen hemabsorbed directly to erythrocytes, whereas the purified # antigen did not.
Physicochemical studies. Chemical analyses of the , antigen indicated that it was a glycoprotein. After lyophilization, the moisture content of the anitigen was 28.8% as determined by drying. All chemical analyses were based on the weight of the antigen free of water. The total nitrogen was 11.2% of the dry weight, whereas the total phosphorus was less than 0.5% of the dry weight of the antigen. The protein portion accounted for 61.2 to 63.7% dry weight of antigen as determined by the Biuret reaction. It is of interest that protein measurement by the modified Folin-Ciocalteau method in antigen concentrations as high as 1 mg/ml produced no color development. This may be related either to a paucity of aromatic amino acids or to the high carbohydrate content of the antigen (1, 2, 33). The results of amino acid analysis are shown in Table 2 . The major amino acids present were alanine, glutamic acid, glycine, and proline. These four amino acids accounted for between 74 and 79% of the total micromoles of amino 7, 1973 acids in the protein portion, depending on the hydrolysis time. The optimal hydrolysis time varied for each amino acid, but the 48-h time gave the greatest yield of the four major amino acids. The antigen contained small amounts of tyrosine and phenylalanine. Amino acid analysis of ,B antigen isolated from two other organisms gave similar results. Direct measurement of tryptophan had not been performed, but the ultraviolet absorption spectrum would indicate that this amino acid, if present, was in low concentrations. Spectral analysis revealed no absorption peaks in the visible light range (400 to 700 nm) and a single absorption peak at 217 nm in the ultraviolet range (399 to 180 nm).
Carbohydrate content by the phenol-sulfuric acid method was approximately 27.6 to 29.8%. Hexose content was between 6 and 7% by the anthrone method. Methyl pentoses, pentoses, and 3-keto 2-deoxy sugar acids were not detectable colorimetrically. More (3) expanded this technique and described in detail methods for preparing sensitized erythrocytes with an alkaline extract of the gonococcus. Tauber showed that the alkaline-extracted endotoxin, a preparation identical to that studied by Chanarin, was composed primarily of protein with small amounts of lipid and polysaccharide (29) . This is in contrast to the phenol-extracted endotoxin which contains primarily polysaccharide and lipid with small amounits of protein (30, 31) . Maeland studied characteristics of these two endotoxin preparations and aqueous ether endotoxin (17, 23) . The alkaline extract was devoid of endotoxin activity but contained antigenic determinants present in the two preparations with endotoxin activity (18) . Two major antigenic determinants in these preparations were designated a and ,B. The assumption has also been made that these two antigens are a part of the lipid A-lipid B-protein polysaccharide structure of gonococcal endotoxin (18) . To more precisely define the chemical and serological nature of this antigen, isolation from alkaline-extracted endotoxin has been achieved by serial chromatographic and electrophoretic procedures. By these methods, the yield of I3 antigen from lyophilized alkaline-extracted endotoxin is approximately 1% of the dry weight of starting extract, demonstrating the high degree of contamination of this determinant in the crude extract. The B antigen is an acidic glycoprotein. Previous studies on crude extracts (30) have indicated the carbohydrate content to be approximately 3%. The purified antigen contains a considerably higher carbohydrate content, in the range of 30% of the dry weight of antigen. It contains no cysteine and very small amounts of histidine, methionine, tyrosine, and phenylalanine. Since antisera to whole gonococci are capable of reacting with this isolated B antigen in both immunodiffusion and HAI systems, it would appear that the antigenic nature of the determinant has not been significantly altered by isolation. One major change has occurred during isolation, that is, the antigen will no longer directly hemabsorb as in the crude extract. Whether this is related to loss of a portion of the molecule containing a lipid or carbohydrate moiety or due to loss of other charged groups is not known. The location of the antigen in the gonococcus is uncertain; the studies of Maeland strongly suggest it is in the cell wall (18) . Whether this antigen is a component of endotoxin is unknown, but the absence of 2-keto 3-deoxy sugar acids or heptoses make this unlikely. The relationship between this antigen and gonococcal pili is unknown (28) .
At the present time, investigations are underway to determine the components of the carbohydrate portion of the antigen and the serological specificity of the 13 antigen in animal and human serological systems.
